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How the tau-lepton mass can be understoodQ 
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Abstract 

For some time the measured value of r-lepton mass continues to approach closer and 
closer a particular figure 1776.80 MeV predicted by an intrinsically composite model of 
three generations of leptons and quarks, introduced almost two decades ago. In the 
framework of this model, we recall briefly the argument standing behind our prediction. 
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In 1992 we found for the charged-lepton masses the sum rule [1] 



125m T = 6 (351m^ - 136m e ) (1) 

giving the prediction 

m T = 1776.80 MeV (2) 

(or, more precisely, m T = 1776.7964 MeV), if the experimental values of m e and are 
used as the only input. It happens that since several years the measured value of the 
r-lepton mass m T converges on the particular figure (2), namely 

m (2004) = 1776.99+0-29 MeV , (3) 

m (2006) = 1776.99+0-29 MeV , (4) 

m (2008) = 1776.84 ±0.17 MeV, (5) 

m (2oio) = 1776.82 ±0.16 MeV (6) 

([2], [3], [4], [5], respectively). In this note, for convenience of the Reader, we recall briefly 
the argument standing behind the prediction (2). 

Our sum rule (1) follows strictly from the mass formula conjectured in 1992 for charged 
leptons [1], 

m N =p N ^ + £ —pj (N = 1,3,5) (7) 

with three masses 

mi = m e , m 3 = m M , m 5 = m T , (8) 

where the specific constants 

1 4 24 

Pl = 29 ' P3 = 29 ' P5 = 29 (9) 
(52 n P N = -*-) ma y ^ e called the generation- weighting factors, while \i and \i{e—V) stand for 
two mass-dimensional free parameters. The mass formula (7) can be rewritten explicitly 

as 
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m e = — e 
29 



Afi, 80 + e 

m ^ ~ 29 9 ' 
24/i 624 + 6 

m T = , (10) 

29 25 v ; 

implying then in a simple way the mass sum rule (1). 

In fact, eliminating from Eqs. (10) two free parameters /x and e for m e and m^, we 
obtain the sum rule (1) giving the prediction (2) for m T , 

mr = 12^5 ( 351m ^ ~~ 136m «) = 1776.80 MeV, (11) 
as well as determine two free parameters \i and e, 

29(9m„-4m e ) 320m e , , 

= _v 1 ej_ = 85 99 24 MeV £ = ^_ = 0.172329 , 12 

P 320 9m M -4m e v ; 

if the experimental values for m e and m M are used as the only input. We can see that the 
predicted m T is really close to the actual experimental estimate (6)Q. 

It was argued that the conjectured charged-lepton mass formula (7) follows from an 
intrinsically composite model of three generations of fundamental fermions, leptons and 
quarks, numerated by the quantum number iV = 1,3,5 equal to the number of Dirac 
intrinsic partons involved. Such a model was introduced almost two decades ago [1,7] and 
is based on a generalized Dirac's square-root procedure leading to Dirac-type equations 
numerated by N = 1,3,5. Here, only three values iV = 1,3,5 can appear, if a new 
intrinsic Pauli principle is applied to Dirac intrinsic partons within leptons and quarks. 



t In 1981, Koide proposed for charged-lepton masses another approach based on the neatly looking 
nonlinear equation symmetrical in m e , and m T [6], 

2. , , , 2 

m e + to m + m T = - ( sjm e + y/rrip + ^m r ) , 

giving two solutions for m T in terms of experimental values of m e and : 



2(^/rnZ + y/rn^l) ± \J 3(m e + m^) + = j 



1776.97 MeV 
3.31735 MeV 



where m e = 0.5109989 MeV and = 105.65837 MeV. The first solution still agrees wonderfully with 
the central value of actual experimental estimate (6), though its small deviation from this experimental 
value is larger than the tiny deviation of our prediction (11). The second solution gets no interpretation 
yet. 



2 



Such intrinsic partons are completely described by Dirac bispinor indices. Therefore, the 
latter are the formal subject of our Pauli principle. 

According to this argument, a linear combination of two terms: (i) an "intrinsic mu- 
tual and self- interaction" of N intrinsic partons of spin 1/2 (described by Dirac bispinor 
indices a±, oli, ctjv) treated on equal footing, and (ii) a correction to the "intrinsic self- 
interaction" of one of these intrinsic partons (described, say, by Dirac bispinor index a±), 
distinguished from all other N — 1 partons by its presumed correlation with the Standard- 
Model label carried by leptons and quarks. Then, these other N — 1 intrinsic partons, 
not correlated with the Standard-Model label, are mutually undistinguishable and thus, 
obey the Fermi statistics along with the intrinsic Pauli principle which antisymmetrizes 
N — 1 Dirac bispinor indices a 2 , a^- Thus, N = 1,3,5 only, excluding larger odd N. 

In consequence, the first term is proportional to N 2 , whereas the second proportional 
to [N\/(N - l)!] -2 = N~ 2 , as N\/(N - 1)! is the number of different states involved in 
the term (ii) (the inverse of this number squared gives the appearance probability of the 
correction (ii)). Therefore, with mjv oc pn, we get 



where p N are the generation- weighting factors which turn out to be given indeed as in 
Eqs (9). In such a way, with a = /i and b = p(e — 1), the mass formula (7) follows from 
our intrinsically composite model [1,7]. 

We can see that the intrinsic Pauli principle, conjectured for all leptons and quarks, 
resricts N to three values N — 1, 3, 5 and so, the possible spectrum of leptons and quarks 
to three generations. This is our proposal for the mechanism of existence in Nature of 
exactly three lepton and quark generations [1,7]. 

In our intrinsically composite model there could appear also extra fundamental-fermion 
states, but including this time no distinguished intrinsic parton correlated with the 
Standard-Model label (and so, referred to the Dirac bispinor index cei) . They would be 
identified with cold-dark-matter fermions (we called them "sterinos") which might form 
two generations of sterile Dirac fermions active in a hidden sector of the Universe [8]. 




(TV = 1,3, 5), 



(13) 
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